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(57) UgfiE*) 

{ft&^gfc] S(l) X*^5ffSfF7^ 

(BP DA) , 2, 2-tT-^ (3, 4-v ; */U*>->7 
^^/U) -N.driJ-^yU^a^nx-?^-^*^) (6 FDA) 
m t, ^ (I) Xfist (II) co^-f;ft^-e^£4i,5 
/<7-SM«^T?y (f* [4-7i/7i = 
A-] ^yU*;;/ (4, 4-DDS) . tf* [4- (3-7 
^7i/3f-» ^/t^V (BAPS M) 

*) t Sr, «L*8S?£j&* T-SJS $ -frT # y T 5 Kifc« 

i^yrs Kaws«*»b»/*sn*» tfyrs 




<I> 

(II) 
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(2) 



2000-313804 



S -SO-, -S02- -CH2-, -CF2 
-C (CH3) 2-, -C (CF3) 2 -^^(11 

#81^ h9*/^*^»— «*«S:KT^— ( I ) * 
fctt— «* (ID Ytt, -O-, -S-, - 

SO-, -S02-, -CH2-, -CF2- -C 
(CH3) 2-, -C (CF3) 2-, - C O - 3: ft 

4: t> 1 «^?-ift*f Dl^r 5 yfc«tt*«*«t 




[ft 2] ft** (I) 



H 2 N 



[ft 3] ft** (II) 




NH 2 



tr) *J:tf«nE/<9-«(l*»*S^r5 v (ttftSr^- 
if) ifcj: ?> iffliETK y 7 5 KWWKtrH 

3 ] MB***? 1 h 9 
'<**&£tr) * 8 Ot; J: 9 *v It 

[W*«5] «#Wift*2, (3, 4 



[»*«6] SfJlE2, 2 -If* (3, 4-S^/M^ 
ISf*. (4-75 / :7^=A-] ^/Utf;^ 8 OT: J: K) 

[1**317] «W«ltt'2, 2-fc** (3, 4 

tM2)£: tf* (4-75/7x-;v) ^A-tf^iS £T>*tf 

[4- (3-75/7x/*v') ^/Uy^^t 
fcfc $ it 3 r t \Z i. K) Wt $ ft 5 *KW IwfcffiSW ft 
y T $ KB8tt. 

Iit*IB8] WIS 2, (3, 4-v^A-#> 

■>7x= ^^-y-^yu^-a^n/^^-MTK^x WIS If 
* (4-75 J /i/J ^.yu*;^*5j;U<HfllSfc'^ [4 
- (3-7^7x;Jfv') 7x= A} ^^*y?r8 0 



Km&^w?£# y r 5 Kik&tt. 

[»**9] 5~#t8 5fi*%C0WISt'^ [4- 

T % / -7 ^=->\s~\ ^./U^^*3j;t/l 5~3 5fi*%(OHfl 
20 ISt'X [4- (3-75 7^=/U] ^/u 

*>-S:fflv^-C«(HSjRyr$ Klfe»*SrKJti-5, W#« 
7(ifS«cW*@6<3lC«fe^^^y 7 5 KMWSift, 

a^^&^MtM^S: tf;*. [4 —7 $ y 7x=;v] 7.>\sfo 
^ t RJC S * 5 w t ^ J: 9 M J6 S ix 5 *§f ft U: fcSffiSHJ 

&tfy 75 Kafettffi. 

TK^it/tUIEt'x [4 -7 5^7^-/10 ^.yu^^Sr 
8 0 c C<fc«3i«l>?aKT*R^$-frS, If 1 O (CfS«c» 

yw^VK— MtK4^5: t'^. [4-75/7x=;i/] 
^tJit/f"^. [4- (3-75y7xyif-» 7at - 

[§i*II13] ItffE t*7x^fh7A^ >"g?— £l 
tK#3, MlStf* [4-7^7x^1 x/\siHls$st.lf 
MlStf* [4- (3-7^7x/Jf-» x 

[§f#j£l4] ^6 5~*^8 5m*%W*tJiEtf^ C4 
-7S7 7x=/U) ^/UJ^>*3j;t>*^ 1 5—^3 5fi* 
%<0*fflEtr^. [4- (3-75/7x/Jf-» 7x = 
/u] ^yusJ>^Sr^V^TWiEsKy 75 KSBSSSSrSaJfi-f 

5] «T©-K (A) *fctt-»* 
(B) Xli, -O-, - S -SO-, -S 

02-, -CH2- -CF2- -C (CH3) 2 
50 -C (CF3) 2-*fcttE*«S-&S:*fcU, Y 



-2- 



3 

(i, -O-, -S-, -SO-. -S02-, -CH2 
-CF2- -C (CH3) 2-, -C (CF3) 

2-. -co-£fci4jt**s-£i§r*fc>i-) wv^-rn*^* 



(3) #BS 2000-31 3804 

Hfc4] (A) 




[<ffc5] te*5£ (B) 
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^pr-Q^-o^O — © — ©3- 



[M#S16] SWE«E«!*fcH:7^/w^Ai, 2 0±1 

4 4 0 -tV y — h/W-C^'S: <it>70 %<D%jgi®^*5 i 
T>*4 0*«<DffegMS:*t, If *9C 1 5 Ul|B*W5# 



lit 6} 





--OSnDO"-©-*-©-- 



[ff*lll9] «T«-^ (tW, Xt4, -O-, 
-S-, -SO-, -S02-, -CH2-, -CF2 
-, -C (CH3) 2-, -C (CF3) 2-*7cl4ie 

mm'r h^tf^J^-fczMfe&WT©— (I) * 
fc(4-^ (II) (5W» Ytt, -O-, -S-, - 
SO-, -S02-, -CH2-, -CF2-, -C 
(CH3) 2-. -C (CF3) 2-, -CO-4fcl4 

IS, ttIIHM5t$nfc5Ky TS K^^^ flflfE^ U T $ 

H 2 N (C^j) 



Hiss] 



o o 




IftlO] <t^5£ (II) 



-3- 



(4) 



H2 00 0-313804 



W5%tmi>T 5 ^£8 0 < C<fc9iKWfiST*a&£-ttr ; 5- 
tic XV MUX!) 7? Kg?^SrSJ5t-r?>. if*^l 9 

[w*s 2 1 ] mm^m^r v y u^^m-m^m 

&2, (3, 4-v : *^^^->7 = ^/t') 

2 0 diEfW^fe, 

2 2 ] mu^m'r v yu^^m-m*® 

fr^y^-j^ byZ/^^m—MTk'&dX'ib'Q , fflfZ'< 

7-IMfS^7 5 [4-7 5/7x^] 

^-efc 5 > If *JS 2 0 tc|H«<0*fe 
[«*3S2 3] it HKo***^ h7*/u# 

5 ^*3J;t>*'>^< 1 <b it<o^^-iMfi^7 5y 
Sr 8 O *C ± 9 *V ^MMXRfc £ *5 i t \C i 9 flfflB^ V 
75 KBWSttSrRJg-t-S, 9fcE*0>:fr8U 

2 4 ] tfraHMH^ h yD^i&l'WZL'mif.m 
&2, 2-fcT^ (3, 4-v 5 7J^'^->>'^^^) -~-^r 
-^^yP^-n^n^V-ftlTK^-efcl?, i(jfE^7 -g&T? 
Sigev'TS ^Stf* [4-75/7x=^) 7/U*yf 
*>9, lttlB^^-«*3Sr#ft5?r5^fcr^ [4- (3 
-7S/7i/Jf-» 7i=^) ^WTf^T-fc^K If* 
*g 2 3 tClBfcCO*)*, 

[it *^ 2 5 ] mu^mwi'T Vyi3/\'#^m.—$k7km 
T-ilffl^r^iit^ (4-7;y7x=/u) 

*/V*^-Cife9, flfriE^ ^-fMfi-7'7 5 ^Stf* 
[4- (3-75 / 7x/#-» 7x=/U) 7/l/*yf 
fc 5 , If 2 3 i'lEtto* fe, 

2 6 1 mw®temwmm&*s* tvt*. y t 

5 K, v'/f;i'*^A7$ K> x h7t Fn77y, v? 
[000 1] 

[00021 



^WSH, *77^/<-^-7'/uW 1 %fttf:*S.t 

/o #-v\ rw^fett, m&*mm : &i%< U iSifS#7 
[00 0 3] ±^VtzZ.<DXm^M!^l-X. <SV^*feflE 

mz.#)&ifc<>iz—m<DWft\z£y&frtix%ito 

1^75 yS5rf t57?S«i 5 7 5 y*:i?7S / ft^fti 
vx^z^^x-h'o . ;jxit7i^T h7*/u#y 
SI— *7K^iroil^* s *lfeSW<07f?!;^ 5 F»4^l: 
f<Ci«5t-#5 (fc^f^ (Hi g a s h i ) ?>ti5 
*B^fF^4, 8 7 6, 3 3 0t©*7Al~2, 6 4 
~6n@#fi?-) wilf«^LTV^5. 
[0004] Sfc, r. 9 bfc5fefifSW<0|S«S3 i(j!7 4 

mfryolS XTfi/T 5 /1k&V3& 8 0°CW.TC0 

(t^f-> (H i g a s h i ) <b W*[1#^F^ 4 , 8 
7 6, 3 3 0-§-(D7j7^8, 2 5~3 9ff i#BS) 

40 [00 0 5] 

*KW»^feaii«*sKyT5 KSi^*5«fct>*^y-f 5 k 

&m$. tz (4 7 -< vu A Srii#t-t- x, - t X-h Z> o 
[00 0 6] *^0J<73M7i5 K***trKi"4 

[00 0 7] 

[«S5r»i*:-r^fci6<0#^] ^oT. *«W»4. 
50 «?— (it*, Xtt, -O-. -S-, -SO-. - 



-4- 



(5) 



2000-313804 



S02-, -CH2-, -CF2-, -C (CH3) 2 
-, -C (CF3) 2-*fcttSSH&&«r*:b-t-) fcJ: 

n«f7K**r£tT«>— (I) Sfctt— «5t (ID 
(5£tp v YI4, -O-, -S-, -SO-, -S02 
-CH2-, -CF2- -C (CH3) 2-, - 
C (CF3) 2-. -CO-*fctlIti^Sr*fct) 

[0 0 0 8 ] 

I-fk i i J 




[0 0 0 9] 

[ftl2] flS^5£ ( I ) 
H 2 N 




NH 2 



JO 



[00 1 Oj 

Hfc 1 3 ] (II) 



— ajs: (b) os;*, xtt, -o-, -s-, -so 

-S02-, -CH2- -CF2- -C (CH 
3) 2-, -C (CF3) 2-*fcttit«j(S-&S:*fo 
U Ytt, -O-, -S-, -SO-, -S02- - 
CH2-, -CF2-, -C (CH3) 2-, -C (CSK 



20 



^F3) 2-, -CO-*fctttfE«j|g^«:*foi-) 

SMS K««*fctt7>r/yAfcBBi-5o 
[0 0 12] 

Hfci 4] ft:** (a) 




[0013] 



[ftl5] te*5fc (B) 



o o 



[00 14] SfeJC, ±i£Lfc— M*4*/&# 

[0 0 1 5] *^PJ^±3f^ct^Ote^®<hflJ^ 
[0 0 1 6] 



40 



[0 0 17] *J8BC i 9i*sn5ttv^fe|t«)fc 

£u ?Lefe^ctt>*»fe^pj^y-r ^ kkibhsj:^^ 
[ooi8] ifmn<D^mm."r v ^wtzMxm 

te, J^T^-^ (Stfi. Xtt, -O-, -S-, -S 
O-, -S02-, -CH2- -CF2- -C (C 
H3) 2-, -C (CF3) 2 - ^tltemW&^&mt) 

[0019] 
[ftl6] 




50 [00 2 0] h ^/I'tf >«— «*»<0«^ 
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(6) 
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9 

W\ \fy^^J^ZLUi^^, 2, 2 — If* (3, 4— 
/U/tf^r ^= 3 rt7^tD7 p p/^37k 

^7x^/M^yz fifektt, 2, (3, 
4' -^yw^^v^^^^/i-) r/n/^-fek^K is? 



/0 



fc***y^—J*#tt, HT^2, (3, 

*l*4fe, t4b*>6FDA-Cfc5, 
[0 0 2 1 ] 
[ft 1 7 J 




[0022] t 5— o<o3E^*F*bv^3)afi»liK*5V^ 

[0 0 2 3] 
[ftl8] 




[0 0 2 4] *HP|^ffiv?7 S ^tt, -J?£x£ ( I ) 
*fctt— «* (II) Ytt, -O-, -S-, 

-SO-, -S02-, -CH2-, -CF2-. -C 

(CH3) 2-, -C (CF3) 2-, -CO-^fcte 

aafte^fir**?^) o^fn^:±ot*t?sft5/<7 



4, 4' -fc^x^yl/^^y, t=Jr^7^J)y, 
4, 4' — v*T^ / ^aL^/U^/W/fcV, 4, 4' — 
^ / 7 zsl~>V7.)V7 4 K, 4, 4 ' — 9 J?T%/&7^~ 
Ao*^*^>K\ l/y^^lly, 4, 4' ~i?T 
20 % / ^7a^v?7;i/tB^ * >\ 2, 2' — If* [4 
- (4-7^ 77x7^V) /n/Ny (BA 

PP) *3<tVtr^ [4- (4-7^/7x/^^) :7m 
n/U] (BAPS) ^Jf5>ix5 0 

[00 2 5] 

Hti9] fMfcS; (i) 




NH 2 



[0 0 2 7] »*LV^iafi»j»fc*3V>"C, 
[0 0 2 8] 

Ufc2 i] 




NH 2 



H 2 N 



[0 0 2 9] h 5— o<^#*UV^«i»ttfc*5V^T, Y 

* [4-7 ^ / ^m^/u] "f-fc:b*>4, 4- 

DDST*^ 
[0 0 3 0] 



Ift2 2] 



[0 0 3 1] *«93*>#yTS K**»Srfil3frrs§R 50 



H 2 N 



[00 2 6] 

X30 Ut2 0] (II) 

^ S0 2lTffiX (Mitf, 4, 4-DDS) *3±W/ 
^/cliA r - (Mxfl BAPP 

SfcliBAPS) Sr^tPv^T^^SrfflV^^, »5>ft 

[4- (3-7^/7x7^:/) 77^^/1/] ^/^y, 
tft^BAPSM, 1, 3-^7x^1/7^7; 
V, tto^MPDA, *5<ktf3, 4 s -t^rv/^7^ 

[0 0 3 2] #*UV^SOfc»tiKi3V^T, **9!<£>tfy 

6 5-ft8 5%(0^ [4-T5 77x^/1/] 

7, i-*fc*>4, 4-DDS^ey *5<koyft 1 5— #6 

3 5%<D¥* [4- (3 -7$ / 7x/^r7) y^=- 



-6- 



II 

[00 3 3] 4*JJEK#* bv^lllll^«l^*sv^-C, #3§ 

-feMfc (BPDA) -t/T— *3«fctF/*fctt2, 2- 
t'^. (3, 4-v ! */^*->7i=^) ^^r^y/vfn 
■fusOZMiMfa (6 FDA) ^-y^r— , i?X [4-7 

^/p/^>- (4, 4-dds) ^ey-^-fc 

<fct>*fc** [4- (3-75 / 7W3r» * 
/UtfJV (BAPS M) Srffl^TSait^n^o 
[0034] t^SOcdtK T 5 K**fc»4teBI**tt, /0 

Ii8 5t~9 orT^Ste#BMK:fcv^±^Lfc^# 

* / $-6:3 r. i: \z X *> SSit £ 

RJfcfl*WB:4li#IH*WL »4 U< »4 2«PRI*»-C 
fcBHA^f^ #$&H§£iILT\ 8 0"C <fc <? iii^g: 

#e>tvfc^yr5 kubks 

RJSBWBo»BH:» X»tt«(H4fc#* bt^«Sr-¥^ 

[0035] s*#^»b-cwfe**-e*5J:5»-, 

**/S?T$ ^(D^r/lstt&O. 9 — 1. 1/1. 0,M 

jc»*l<w:o. 9 8 — i. o2/i. ocomm^mw 

y T * KgW^Sfi, #3= b < 5 , 000 — 50 i0 

o, ooo, ®:^L<lii5, ooo—ioo, o 
o o-efc5o 

[0 0 3 6] ^«»C«V^T*fflft^«Wlttt, S 

^y7V»^ ff^bl^SSSEttN, N-v^^/UT-i? 
hT^K (DMA C) -?fc£ 0 ^JxfeO»««rJWit?* 

[00 3 7] RjE£j&&4fett. — ***J«»a3 cfcl^T S 

(MOD AF LOW) (fiflttHO fflMttttffl) ■ »ffc 

&&i«rl mmmm zig^^v, t i 
02) , isiugis**] # y h^/M-n^ 



ffl2 000-313804 
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[0 0 3 8] /Ky T ^ KIWI*«)*5*v^Sr**k:i- 5 
fcfcfcl, y K^COSSli, filO-30 

fi*%, ^KM2 0^2 5ti%(7)t6it* 
«9 , 1 0 0— fa 10, OOOcps 

<£>©HT*fc %Z.t 4 bv \ 

[00 3 9] ^yr^ Klfe»ttS:«3fi-t-Si:. *ixSr* 

^*fflft«fifctt, ^ifex^^u-f, *7r-f^ 

[0040] «tt^r«*«w:, ^-y ^ hSfcttWRrs 

[004 1 ] »4bV^HJS^tw4oV^T, ft5 0 0-#J 
2 5 0 0 c p s Offiffl^ttSSr^i-S 2 0-2 5 

^J;t>^!iT> K«W>f S KflStt, -to*, ffifcfc: 

ix, 8 0-12 ototfiflEt 30-1 2 0 ^iibfc 5 ft 

skztix* 7 4si'j>>&Mf&rz> 0 m^. ^2oo°c 

\z±\f^ Z(DU&%: 10-18 OftlZfrf^VMFf't&o 
*r<D&, a*S:2 5 O'CfcJilf, I^S:30-12 
0^fcfc9«6SfbT, 7>r/^Sr-r ^ K>fkbT#y-Y 

[0 0 4 2] feSVMi, ^ K^^K)-f ^ KlLSa-i: 

fflv^^nSo 3EfcSF*bv^Ki0KllBfc*3V^-c, 

/u^^ttif ^)*««E*rfflv^« r i \z J: 5 (^*^ti^> 0 
[0 0 4 3] t 5— o<o#F4bv>HJ6^tr*3V^-c, * 
^P^co/Jfyr^ KBfcJSRtt, Jt^r-Y^—^WirbT 

85 0 0-2 5 0 0 cps ^KH^ttaf S:*"t*5 2 0 — 
2 5li%*y7^ KK»»(t 77>f^S§l:fc 

7>; K^co^f^ Kflstt, »*b<tt, **Sixfc3t7r 
-f/^—Srl 2 0°C- 3 0 otwflS^- ytt- y^Jc: 
0. 3 * — Vs^/ft (m/m in)— 9. 3 — 12. 4 
m/m i nOig*"t?ii-rr t\Z& «9tr^n^o 

[0 0 4 4] »&*L**y-f 5 K7^yUA*fctt«aKtt 
*R»i:j»feSWe*)5o »*bV^*lfc»«fc*5V^"C, 

20±l o^^o^^h 
/t- (i/m) (7)7>f/UA^/c|j:|M^tt4 4 0ty^ 
— (nm) t?^^ < t 7 0 i3<tt^ 
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4 O5|cM0ft&*flNfc (ASTM#D 1 9 2 5) Sr^ 
-To 
[0 0 4 5] 

[0 0 4 61 fflV*fcj*# 

6FDA - / — ^^n^t'Wi/t- D 
yhO^JT^F (Clariant Corp.) 
/5^ffip°p«6FDA-EGT^^2, 2 - tr* 

(3, 4-^;^>S/7x^) ^^-^^yu^-n^n 
/^X^IzM^ y 

BPDA - 0*. (Mi tsubi 

shi Chemical Corporation) 
^ t te« B P D ATI! e> tt ^ x ^/ur 

^SfexMzM&^e y 

BTDA - *[l^^if^'>Nt 0 >>^^->/c7)^^— h 
77^^"^/^ (Lapor te Fine Ch 
em i c a I s) ri>fejffifn£ B T D Atf &>n5 3, 

*4fc*y -r— 

v?T ^ ^ : 

44DDS - 9*. SftRUJOfdRlilWMtX* (W a 
kayama Seika Kogyo Co. , L t 
d) ^bffip P p*t>fi;^^7S (Seikacure 

s) -e#e>ft5 4, 4' -s*r ^y s??!^^^*^ 

BAPP - 0*. SHRlU<OfpRULj#»-fkX* (Wa k 
ayama SeikaKogyo Co. > Ltd) 
^t>^p°p^BAPP-Cl#?)n^2, 2' -tf^ [4- 

(4— y 7x/ ^riy) /D/^y^/v- 

BAPS - 0*. ftROJ^fPRlljWkX* (Wak 
ayama SeikaKogyo Co. , Ltd) 
^bWn^BAPStlfbWt^ [4- (4-7^7 

BAPSM - 0*. ft*lil<OfP«RUl*IMtX* (Wa 
kayama Seika Kogyo Co. , Lt 
d) ^ ffi 0 p p* B A P S M til btl ^) [4- (3- 

T ^ / 7^- / ^/U^V^-y 
MDA - = 3.— S?**- v 5 — hJrV — -?<D\? 
-x-x^x7 (BASF Corporation) 
/d^&Uy f l/y^T- U > (Methylene 
d i a n i 1 i n e) T+'&hftZ> * 7 \sls*JT ^ y V* 

y -v— 

DMA C -^yv/yW^n7'W t° y 7 4 y i/* 

l/=T A 7 -Y y ^ (Fisher Scient 
i f i c Co. ) 7>>ibi&p p p£N, N-v^y^A-Tirh 




(8) #HS 2000-313804 

[0047] ^zf>v<Dwm& £ zms&m 

T^y T s K**»g>£7S : — ^*<£>v*TS y^ey-7^ 
J:l5DMAC*aSrKJE5»fc»AU v^T^v^ey-^— 

#U 3 O^T-il^LfCo — ^S^X^ItK^ 

«fc*fc*fc^bfc 0 il^OfiS&6 OSNdfofc!) 9 

ott^tt, #yr$ KBfe»«Sr*fife**fco ^y 

r 5^*y fiW>i:«>*/uJttt, 1. 0/1. 005 
-efeo/co t^i, TKyr^ u 

IT, 30W^n^F/U ( Mm ) <D7 J ^J^W-Z t 
bfc Q WSEfflMI«Sr^i-S5IWb^-S:^b-C*Y^ h 
20 7 4 )VJ*<DmJ5fa<nW3+*y%--- t-bfeo ^(Df s 

°Ct6 057\ ^iI2 0 0ttl0^ t^l:2 5 
0°Ct6 0^ t<^i3 0 0X^3 0#l£;bfc*)$Mfc£ 

KUfr*>U y^Sr^9^«^b«)tbfco 
M(i*nfc 7 ^ /UA S:SilTWJt»l:tt bfc 
^£J9ff6fc-ASTM D19 25 
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1. Title of Invention 

ESSENTIALLY COLORLESS . TRANSPARENT POLYIMIDE 
COATINGS AND FILMS 



2. Claims 

] . An essentially colorless, transparent polyamic acid solution prepared by 
reacting at least one aromatic tetracarboxylic acid dianhydride with at least one para- 
substituted aromatic diamine in an organic polar solvent wherein said aromatic 
tetracarboxylic acid dianhydride(s) is represented by general fonnula: 



o o 




wherein X represents -Os -S-, -SO-, -SO,-, -CH 2 -, -CF r . -C(CH,V. -C{CF,) r or a 
direct bond, and wherein said-para-substituted-arnmatic diamine(s) is represented by .either 
general formula (I) 




or general fonnula (II) 

--CK^D — 

wherein Y represents -0-.-S-, -SO-, -SO,-, -CH,-, -CF,-. -C(CHs)r. -C(CF,),-, 
-CO- or a direct bond. 
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2. The essentially colorless, transparent poiyamic acid solution of Claim 1 , 
wherein said poiyamic acid solution is prepared.by reacting at least one meta-substituted 
aromatic diamine with said aromatic tetracarboxylic acid dianhydride(s) and with said 
para-substituted aromatic diamine(s). 

3. The essentially colorless, transparent poiyamic acid solution of Claim 1, 
wherein said aromatic tetracarboxylic acid dianhydride(s) and said para-substituted 

aromatic diemine(s) are reacted al temperatures of greater than 80 °C. 

4. The essentially colorless, transparent poiyamic acid solution of Claim 2, 
wherein said, aromatic tetracarboxylic acid dianhydride(s), said para-substituted aromatic 
diamine(s) and said metarsubstituted aromatic diamine(s) are reacted at temperatures of 
greater than 80 °C. 

5. An essentially colorless, transparent poiyamic acid solution prepared by 
reacting 2,2-bts(3,4-dicarboxyphenyl) hexafluoropropane dianhydride with bis[4- 
aminophenyl] sulfone in an organic polar solvent 

6. The essentially colorless, transparent poiyamic acid solution of Claim 5, 
wherein said 2,2-bis(3 1 4-dicarboxyphenyl) hexafluoropropane dianhydride and said bis[4- 
aroinophenyi] sulfone are reacted at temperatures of greater than 80 °C. 

7. An essentially colorless, transparent poiyamic acid solution prepared by 
reacting 2,2-bis(3,4-dicarbox-yphenyI) hexafluoropropane dianhydride with bis[4- 
aminophenyl] sulfone and bis[4-(3-aminophenoxy)phenyl] sulfone in an organic polar 
solvent. 

8. The essentially colorless, transparent poiyamic acid solution of Claim 7, 
wherein said 2,2-bis(3,4-dicarboxyphenyl) hexafluoropropane dianhydride, said bis[4- 
aminophenyl] sulfone and said bis[4-(3-aminophenoxy)phenyl3 sulfone are reacted at 
temperatures of greater than 80 °C. 

. 9. The essentially colorless, transparent poiyamic acid solution of Claim 7 r 
wherein from about 65 to about 85% by weight of bis[4-aminophenyl] sulfone and from 
about 15 to about 35% by weight of bis [4-(3-aminophenoxy)phenyl] sulfone are used to 
prepare said poiyamic acid solution. 
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1 0. An essentially colorless, transparent polyamic acid solution prepared by 
reacting biphenyltetracarboxylic acid dianhydride with bis[4-aminophenyl] sulfone in an 
organic polar solvent 

11. The essentially colorless, transparent polyamic acid solution of Claim -1 0, 
^"wherein said biphenyltetracarboxylic acid dianhydride and said bis[4-amino phenyl] 

sulfone are reacted at temperatures of greater than 80 °C. 

[ 2. An essentially colorless, transparent polyamic acid solution prepared by 
reacting biphenyltetracarboxylic acid dianhydride with bis[4-aminophenyl] sulfone and 
bis [4<3-aminophenoxy)phenyl] sulfone in an organic polar solvent 

13. The essentially colorless, transparent polyamic acid solution of Claim 12, 
wherein said biphenyltetracarboxylic acid dianhydride, said bis [4-aminophenyl]. sulfone 
and said bis [4-(3-aminophenoxy)phenyl] sulfone are reacted at temperatures of greater 
than 80°C. 

14. The essentially colorless, transparent polyamic acid solution of Claim 12, 
wherein from about 65 to about 85% by weight of bis[4-aminophenyl] sulfone and from 
about 15 to about 35% by weight of bis [4-(3-aminophenoxy)phenyl] sulfone are used to 
prepare said polyamic acid solution. 

15. An essentially colorless, transparent polyimide coating or film comprising 
at least one recurring structural unit of either general formula (A) 




or general formula (B) 
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wherein X represents -0-, -S-, -SO-, -S0 2 -, -CH r , -CF r> -C(CHa)i-, -CCCF^- or a 
direct bond; and 

wherein Y represents -0-, -S-, -SO-, -S0 2 -, -CH r , -CF 2 - -C(CH;>)r» -C(CF 3 )r, 
-CO: or a direct bond. 

16. The essentially colorless, transparent poiyimide coating or film of Claim 
15, wherein said coating or film demonstrates a % trans mittance of at least 70% at 440 
nanometers for coating or film thicknesses of 20 ±10 micrometers and a yellowness index 
of less than 40. 

17. The essentially colorless, transparent poiyimide coating or film of Claim 15 
which comprises at least one recurring structural unit of formula: 





1 8. The essentially colorless, transparent poiyimide coating or film of Claim 
15, which comprises at least one recurring structural unit of formula: 




19, A process for preparing an essentially colorless, transparent poiyimide 
coating or film which comprises: 

preparing a polyamic acid solution by reacting at least one aromatic 
tetracarboxylic acid dianhydride with at least one para-substituted aromatic 
diamine and, optionally, with at least one meta-substituted aromatic diamine in an 
organic polar solvent; 
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forming a coaling or film of said polyamic acid of said prepared polyamic 
acid solution; and 

imidizing said polyamic acid in said formed coating or film to a polyirnide, 
wherein said aromatic tetracarboxylicacid dianhydride(s) is represented by 
general formula: 



wherein X represent -O-, -S-, -SO-, -SO r , -CH,-, -CF 2 -, -C(CH 3 ) r , -C(CF 3 } r or a 
direct bond, and wherein said para-substituted aromatic diamine(s) is represented by either 
general formula (I) 



wherein Y represents -0-, -S-, -SO-, -SO r , -CH r , -CF 2 -, -C(CH 3 ) 2 -, -C(CFjV. 
-CO- or a direct bond. 




O 




or general formula (II). 
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20. The process of Claim 19, wherein said polyamic acid solution is prepared 
by reacting at least one aromatic tetracarboxyJic acid dianhydride and at least one para- 
substituted aromatic diamine at temperatures of greater than 80 °C. 

21. The process of Claim 20, wherein said aromatic tetracarboxylic acid 
dianhydride. is 2,2-bis(3 ,4-dicarboxyphenyI) hexafluoropropane dianhydride and wherein 
said para-substituted aromatic diamine is bis[4-aminophenyl] sulfone. 

22. The process of Claim 20, wherein said aromatic tetracarboxylic acid 
dianhydride is biphenyltetracarboxylic acid dianhydride and wherein said para-substituted 
aromatic diamine is bis[4-aminophenyl]suIfone. 

23. The process of Claim 19, wherein said polyamic acid solution is prepared 
by reacting at least one aromatic tetracarboxylic acid dianhydride, at least one para- 
substituted aromatic diamine and at least one meta-substitutcd aromatic diamine at 
temperatures of greater than 80°C. 

24. The process of Claim 23, wherein said aromatic tetracarboxylic acid 
dianhydride is 2,2-bis(3,4-dicarboxyphenyl) hexafluoropropane dianhydride, wherein said 
para-substituted aromatic diamine is bis[4-aminophenyl] sulfone and wherein said meta- 
substituted aromatic diamine is bis [4-{3-aminophenoxy)phenyl] sulfone* 

25. The process of Claim 23, wherein said aromatic tetracarboxylic acid 
dianhydride is biphenyltetracarboxylic acid dianhydride, wherein said para-substituted 
aromatic diamine is bis[4-aminophenyl] sulfone and wherein said meta-substituted 
aromatic diamine is bis [4-(3-aminophenoxy)phenyl] sulfone. 

26. Tiie process-of Claim 1 9, wherein said organic polar-solvent is selected 

from the group consisting of dimethylacetamide, dimethylformamide, tetrahydrofuran, 
dioxolane and mixtures thereof. 
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3. Detailed Description of Invention 



1. Field of the Invention. 

The present invention generally relates to essentially colorless, transparent 
polyimide coatings and films and to a process for preparing same. The present invention 
more particularly relates to essentially colorless, transparent polyimide coatings for optical 
fibers and essentially colorless, transparent polyimide films useful for thermal protective 
coatings and the like. 

2. Background of the Invention. 

Polyimide coatings and films have been selected for use in a number of 
different product applications where thermal stability and good electrical and mechanical 
properties are deemed necessary and/or desirable. Polyimide coatings and films having 
the additional property of good transparency have been used* extensively as oriented films 
in liquid crystal display devices, fiberoptic cable coatings, waveguides and protective 
coatings for solar cells. Although such polyimide coatings and films have good 
transparency, they are often colored yellow or brown as a result of a severe heat history 
leading to their formation. This coloration is. deemed unacceptable in applications such as 
liquid crystal oriented Rims where the coloration darkens the visual field thereby 
impairing the function of the display device on which the film is used 

in response to this noted deficiency, various polyimide coatings and films 
have been developed that demonstrate a small degree of coloraiion and high transparency. 
The development of such prior art coatings and films has been guided by a series of 
studies that has focused on the cause of coloration in transparent polyimide films. These 
studies have reported that the coloration of a polyimide depends greatly upon the types of 
aromatic tetracaxboxylic acid dianhydrides and diamino compounds selected for use as 
starting materials for the polyimide. [n particular, these studies have reported that an 
aromatic diamine having the amino groups at the m-position is especially effective as the 
diamino compound, and the combination of it with a biphenyltetracarboxylic acid 
dianhydride can lead to the formation of a colorless, transparent polyimide (see Cols. 1-2, 
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lines 64-6 of U.S. Pat. No. 4,876,330 to Higashi ef aL). 

The development of such prior art coatings and films has also been guided 
by the well-known principle that higher formation or polymerization temperatures 
adversely impact upon the degree of coloration of the resulting polyimide. In practice, 
these prior art polyimides are prepared by processes whereby the aromatic tetracarboxylic 
acid dianhydride and diamino compound are polymerized at temperatures of 80°C or less 
to form a polyamic acid solution and then, the polyamic acid is imidized by either thermal 
or chemical means (see CoL 8, lines 25-39 of US. Pat. No. 4,876,330 to Higashi zt al\ 

In -accordance with the above, an object of the present invention is to 
provide a novel, essentially colorless, transparent polyamic acid solution and polyimide 
coating or film that serve to negate commonly held principles and beliefs. 

It is a further object of the present invention to provide a process for 
preparing such coatings or films that also runs contrary to established findings. 

SUMMARY OF THE INVENTION 
The present invention therefore relates to an essentially colorless, 
transparent polyamic acid solution prepared by reacting at least one aromatic 
tetracarboxylic acid dianhydride represented by genera] formula: 




where X represents -0-, -S-, -SO-, -SO,-, -CH r > -CF r , -C(CH 3 ) 2 -, -CCCF^- or a 
direct bond, with at least one para-substituted aromatic diamine represented by either 
general formula (1) 
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or general formula (II) 



where Y represents -0-, -S-, -SO-, -S0 2 -, -CH r , -CF r , -C(CH 3 )^ -C(CF 3 ) 2 -, -CO- 
or a direct bond. 

The present invention also relates to an essentially colorless, transparent 
polyimide coating or film that comprises at least one recurring structural unit of general 
formula (A) 





or general formula (B) 



6 o 



where X represents -0% -S- t -SO-, -S0 2 -, -CH 2 -» -CF 2 % -C(CH 3 ) 3 -> - 
C(CF 3 >2- or a direct bond and where Y represents -0-, -SO-, -S0 2 -. -CH r , -CF 2 -, • 
C(CH 3 ) r , -C(CF 3 )2- , -CO- or a direct bond. 

The present invention further relates to a process for preparing the 
essentially colorless, transparent polyimide coating or film described above which 
comprises: 

preparing a polyamic acid solution by reacting the above referenced 
dianhydride and diamine monomer components in an organic polar solvent; 
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forming a conting or film of the polyamic acid from the prepared polyamic 
acid solution; and 

imidizing the polyamic acid in the formed coating or film to a polyimide. 
The foregoing and other features and advantages of the present invention 
will become more apparent from the following description, 

DETAILED DESCRIPTION OF THE INVENTION 
Applicants, by way of the present invention have made the surprising 
discovery that aromatic diamines having amino groups at the p-position can serve as 
effective starting materials for essentially colorless, transparent polyimides. In particular, 
Applicants have found that the combination of aromatic tetracarboxylic acid dianhydrides 
and para-substituted aromatic diamines can also lead to the formation of essentially 
colorless, transparent polyimide coatings arid films. 

Due to the low degree of coloration achieved by way of the present 
invention, it is now possible to produce opaque white and blue transparent polyimide 
coatings and films. Such coatings and films are particularly desirable for use with optical 
fibers, liquid crystal display devices, solar cells and wave guides. 

The aromatic tetracarboxylic acid dianhydride of the. present invention is 
represented by the following general formula: 




where X represents -0- % -S-, -SO-, -SO r , -CH r , -CF rs -C(CH 3 ) r , -C(CF 3 ) 2 - or a 
direct bond. Examples of aromatic tetracarboxylic acid dianhydrides include biphenyl 
dianhydride, 2,2-bis(3,4-dicarboxylphenyl) hcxafluoropropane dianhydride, 
diphenylsulfone dianhydride, 2,2-bis(3,4'-dicarboxyphenyl) propane dianhydride, 
diphenylsulfide dianhydride, diphenylsulfoxide dianhydride, oxydiphthaiic anhydride, 
biphenyltetracarboxylic acid dianhydride and benzophenone tetracarboxylic acid 
dianhydride. In a preferred embodiment X is a fluorine-substituted aliphatic hydrocarbon 
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group. In a more preferred embodiment, the aromatic tetracatboxylic acid dianhydride 
monomer component of the present invention is 2,2-bis(3 t 4-dicarboxyphenyi) 
hexafluoropiopane dianhydride or 6FDA, 




In another more preferred embodiment X is a direct bond and the aromatic 
tetracarboxyiic acid dianhydride monomer component is biphenyltetracarboxylic acid 
dianhydride or BPDA, 




The aromatic diamine of the present invention is a para-substituted 
aromatic diamine represented by either general formula (I) 




or general formula (II) 



where Y represents -O-, -S-, -SO-, -SO r , -CH 3 -, -CF r , -C(CH,)r. -C(CF 3 ) 2 -, -CO- 
or a direct bond. Examples of para-substituted aromatic diamines include bis[4- 
aminophenyl] sulfone, 4,4'-biphenyl diamine, oxydianiline, 4 r 4'-diaminophenyl sulfone, 
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4,4'-diaminophenyl sulfide, 4 l 4'-diominodiphenyl sulfoxide, methylene dianiline, 4,4'- 
diaminodiphenyl difluorornethane, 2,2'-bis[4-(4-aminophenoxy)phenyf] propane (BAPP) 
and bis [4-(4-aminophenoxy)phenyl] sulfone (BAPS). 

In a preferred embodiment Y is a direct bond and tlie aromatic diamine is 
4,4'-biphenyl diamine. 




In another preferred embodiment Y is a sulfonyl group and the aromatic 
diamine is bisl4-aminophenyl]sutfone or 4,4-DDS, 




When a diamine containing S0 2 functionality {e.g., 4,4-DDS) and/or Ar-O- 
Ar ether linkages {e.g., BAPP or BAPS) is used in preparing the polyamic acid solution of 
the present invention it is preferred that a second diamine monomer be employed 
therewith for the purpose of reducing color and/or improving toughness in the resulting 
polyimide. The second diamine monomer can be either a para- or meta-substituted 
aromatic diamine. Examples of meta-substituted aromatic diamines include bis[4-(3- 
aminophenoxy)phenyl] sulfone or BAPSM. 1 ,3-rnetaphcnylcne diamine or MPDA and 
3 ,4'-oxydianiline or 3,4-ODA. 

In a preferred embodiment, the polyamic acid solution of the present 
invention is prepared using from about 65 to about 85% by weight bis[4-aminophenyl] 
sulfone or 4,4-DDS monomer and from about 15 to about 35% by weight bis[4-(3- 
aminophenoxy)pheny I] sulfone or B APSM monomer, based on the total weight of the 
diamine monomers. 

In yet a more preferred embodiment, the polyamic acid solution of the 
present invention is prepared using biphenytetracarboxylic acid dianhydride (BPDA) 
anchor 2 f 2-bis(3,4-dicarboxyphenyl) hexafluoropropane dianhydride (6FDA) monomers), 
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bis[4-aminophenyl] sulfone (4,4-DDS) monomer and bis[4-(3-aminophenoxy)phenyl] 
sulfone (BAPSM) monomer. 

The polyamic acid or coating solution of the present invention is prepared 
by reacting or polymerizing the above-referenced aromatic tetracarboxylic acid 
dianhydride and aromatic diamine monomer components in an organic polar solvent at 
■temperatures of greater than 80°C, and preferably from about 85 to about 95 °C, in an inert 
atmosphere. Reaction times are less than 4 hours, and preferably less than 2 hours. 
Applicants, by way of the present invention have made the surprising discovery that 
reaction or polymerization temperatures of greater than 8CTC do not adversely impact 
upon the degree of coloration of the resulting polyamic acid solution or the polyimide 
coating or film prepared therefrom. In addition, increased reaction temperatures and the 
resultant reduction in reaction times favorably affect process economics. 
: As will be evident.to those skilled in.thc art, it is.preferred that when the 

^polyamic acid or coating solution is prepared, the dianhydride and diamine monomer 
components are reacted in an equimolar ratio as much as possible to increase the degree of 
polymerization. It is therefore preferred that the molar ratio of dienhydride/diamine be 
kept in the range of 0.9 to 1.1/1.0, and more preferably 0.98 to 1.02/1.0. The molecular 
weight.of the polyamic acid in the polyamic acid solution of the present invention is 
preferably 5,000 to 500,000, and more preferably 15,000 to 100,000. 

Organic polar solvents useful in the present invention are those solvents 
that are inert to the polymerization reaction, that are capable of dissolving the monomer 
components and that do not decompose during thermal imidization. Examples of such 
solvents are dimethylacetamide, dimethyiformamide, tetrahydrofuran and dioxolane with 
the preferred solvent being N, N-dimethylaceiamide (DMAC). These solvents may be 
used alone, as ia mixture or mixed with other solvents such as, toluene, xylene or aromatic 
hydrocarbons. 

. In addition to the dianhydri de and diamine monomer components, the 
reaction mixture may advantageously contain additives such as processing or flow aids 
{e.g., MODAFLOW® flow aid), antioxidants, dyes, inorganic pigments (e.g., titanium 
dioxide, Ti0 2 ) and fillers (e.g. t polytetrafluoroethylene, fluorinated ethylene/propylene 
copolymers) that do not adversely affect the transparency and low color properties of the 
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resulting polyimide coating or film. 

To facilitate handling of the poiyamic acid solution, it is preferred that the 
concentration of poiyamic acid in the solution range from about 10 to 30% by weight, 
preferably from about 20 to about 25% by weight, and that the viscosity of the solution 
range from about 100 to about 10,000 cps. 

Once prepared, the poiyamic acid solution may be cast or coated onto an 
optically useful article. Optically useful articles contemplated for use with the present 
invention include, but are not limited to, liquid crystal displays, fiber optic cables, 
waveguides and solar cells. 

Upon completion of the casting or coating process, the organic polar 
solvent is removed from the-polyamic acid solution and the polyamic acid chemically or 
thermally imidized to a polyimide. 

In a preferred embodiment, a 20 to, 25% by weight poiyamic acid solution 
having a viscosity in the range of from about 500 to about 2500 cps is cast onto a glass 
plate, a stainless steel plate or the like to a defined thickness. The removal of the polar 
solvent and the imidization of the poiyamic acid is then carried out either sequentially or 
concurrently. In a more preferred embodiment, the poiyamic acid solution is cast onto a 
target surface and dried at temperatures of from 80 to 120° C for 30 to 120 minutes to form 
a film. The temperature is then increased to 200°C and this temperature maintained for 10 
to 1 80 minutes. The temperature is then increased to 250 °C and this temperature 
maintained for 30 to 120 minutes thereby imidizing the film to a polyimide film. 

Alternatively, the imide can be ring closed by way of a chemical 
imidization method. In a preferred embodiment, acetic anhydride and a tertiary amine are 
employed as catalysts for ring closure. In a more preferred embodiment, a strong acid 
such as methane sulfonic acid is employed as a catalyst and azetropic water removed by 
use of a co-solvent such as toluene. 

In another preferred embodiment, the poiyamic acid solution of the present 
invention is applied as a coating to optical fibers. In particular, an optical fiber is passed 
through a coating applicator and a 20 to 25% by weight poiyamic acid solution having a 
viscosity in the range of from about 500 to about 2500 cps is applied over the length of the 
fiber. The removal of the polar solvent and the imidization of the poiyamic acid is then 
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preferably canied out by passing the coated optical fiber(s) through an oven with 
temperature zones ranging from 120°C to 300°C at a rate of from 0.3 meter/minute 
(m/min) to 9.3 to 12.4 m/min. 

The resulting polyimide film or coating is essentially colorless and 
transparent. In a preferred embodiment, the film or coating demonstrates a % 
transrnittance of at least 70% at 440 nanometers (nm) for film or coating thicknesses of 20 
± 10 micrometers (^m), and a yellowness index of <40 (ASTM # D1925). . 

The invention is now described with reference to the following examples 
which are for the purpose of illustration only and are not intended to imply any limitation 
on the scope of the invention. The components described below are reacted or 
polymerized in a number of different combinations and ratios and tested for various 
properties. 

COMPONENTS USED 

Dianhydrides: 

6FDA - 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane dianhydride 

monomer obtained from Clariant Corp., Charlotte, N.C., under the 

product designation 6FDA - EG. 
BPDA - biphenyltetracarboxylic acid dianhydride monomer obtained from 

Mitsubishi Chemical Corporation Tokyo, Japan, under the product 

designation BPDA. 

BTDA - 3,3^4,4'-benzophenonteiracarboxylic dianhydride monomer 

obtained from Laporte Fine Chemicals USA, Pittsburg, KS, under 
the product designation BTDA. 

Diamines: 

44DDS - 4,4-diaminodiphenyl sulfone monomer obtained from Wakayama 

Seika Kogyo Co., Ltd., Wakayama, Japan, under the product 

designation Seikacure S. 
BAPP - 2,2-bis[4~(4-aminophenoxy)phenyl] propane monomer obtained 

from Wakayama Seika Kogyo Co., Ltd., Wakayama, Japan, under 

the product designation BAPP. 
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BAPS 



bis[4-(4-aminophenoxy)phenyI] sulfone monomer obtained from 
Wakayama Seika Kogyo Co., Ltd., Wakayama, Japan, under the 
product designation BAPS. 



BAPSM 



bis[4-(3^aminophenoxy)phenyl] sulfone monomer obtained from 
Wakayama Seika Kogyo Co., Ltd., Wakayama, Japan, under the 
product designation BAPSM. 



MDA 



methylene dianiline monomer obtained from BASF Corporation, 
Mount Olive, NJ., under the product designation Methylene 



dianiline. 



Organic Polar Solvent: 



DMAC 



N,N-dirnethylacetamide obtained from Fisher Scientific Co,, 
Pittsburgh, PA, under the product designation N, N-dimethyl 
ocetamide Reagent Grade. 



SAMPLE PREPARATION AND TEST METHODS 
Synthesis of Polyamic Acid Solution: 

A quantity of a diamine monomers) and DMAC solvent were charged into 
a reactor and agitated under a nitrogen atmosphere and reflux at 30 °C until the diamine 
monoraer(s) was completely dissolved in the DMAC solvent A quantity of dianhydride 
monomer was then added to the reactor and the resulting mixture gradually heated to a 
temperature of 90°C. The temperature of the mixture was maintained at 90 °C for 60 
minutes to form a polyamic acid solution. 

The molar ratio of the dianhydride and diamine monomer components used 
to prepare the polyamic acid solution was 1 .0/1 .005. 

The polyamic acid solution was then cooled to room temperature and stored 
in a refrigerator maintained at a temperature of s 0°C 

Preparation of Poiyimide Film: 

The polyamic acid solution was placed in a desiccator and held therein at a 
pressure of 1 Omm Hg for one hour so as to effect degassing of the solution. The degassed 
solution was then cast onto a releasen:oated glass plate to a film thickness of 30 
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micrometers G«m). Thickness uniformity across the cast film was effected by way of a 
drawn down bar with adjustable gap. 

The cast glass plates were then placed in en oven and the films cured for 60 
minutes at 120° C, then 10 minutes at 200° C, then 60 minutes at 250° C, and then 30 
minutes at 300° C. 

The glass plates were then removed from the oven* cooled down to room 
temperature and the films peeled from the glass plates. 

The peeled films were then subjected to the following tests: 
Yellowness Index - ASTM D1925; 

Transmittance {%) - Transmittance was measured at 440 nm on a UV-3101PC UV-V1S- 
NIR Scanning Spectrophotometer manufactured by Shimazu Corp. The Scanning 
Spectrophotometer employed UVPC color analysis software supplied by the manufacturer. 
A double-beam method was employed and a glass slide measuring 1mm in thickness was 
used as a reference. Thickness calibration curves (acceptable range = 20 to 50^m) were 
prepared for each sample and the color for each sample at a thickness of 30jum was 
determined. Transmittance measurements were calibrated in accordance with the 
principles of Beer's law. Yellowness Index measurements were calibrated in accordance 
with the assumption that the yellowness index is proportional to the sample thickness in 
the thickness range of 10 to 60/im; and 

Toughness (P 3 F); Samples were manually folded onto themselves and creased. Samples 
that did not crack or break during this fold test were deemed to have passed, while samples 
that cracked or broke were deemed to have failed this test. 

EXAMPLES 1 TO 40 
In Examples 1 to 40, polyimide film samples prepared with various 
monomers were evaluated. for % transmittance, yellowness indexand toughness. The 
results are set forth in Table I. 
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TABLE I 

SUMMARY OF EXAMPLES I TO 40 



EXAMPLE 

NO- 


MONOMERS 


DIAMINE 
MONOMER 

RATIO 


Transmittance 

% 


Yellowness 
Index 


Toughness 


1 


BP DA/44 DDS 




85 


8 


F 


2 


BPDA/BAPSM 




86 


9 


P ; 


3 


BPDA/BAPS 




68 . 


20 


P 


4 


BPDA/MDA 




56 


29 


P 


S 


BPDA/BAPP 




40 


37 


P 


6 


BPDA//44DDS/BAPSM 


70:30 


84 


9 


P 


7 


BPDA//44DDS/BAPSM 


90:10 


85 


9 


F 


8 


BPDA//44DDS/BAP5 


. 70:30 


80 


11 


P 


9 


* BPDA//44 D DS/B A PS ~ 


90:10 


-79 


• 11 




10 


BPDA//44DDS/MDA 


70:30 


75 


16 


P 


11 


BPDA//44DDS/MDA 


•90:10 


81 


10 


F. 


12 


BPDA//44DDS/BAPP 


70:30 


62 


25 


P 


13 


BPDA//44DDS/BAPP 


90:10 


79 


13 


F • 


14 


BPDA//BAPS/BAPSM 


70:30 


72 


18 


P 


15 


B P D A//B A PS/B A PSM 


90:10 


70 


18 


P 


16 


BPDA//MDA/BAPSM 


70:30 


63 


24 


P 


17 


BPDA//MDA/BAPSM 


90:10 


61 


26 


P 


18 


BPDA7/BAPP/BAPSM 


70:30 


51 


30 


P 


19 


BPD A//B A PP/B A PSM 


90:10 


43 


34 


P 


20 


6FDA/44DDS 




90 


1 


F 


21 


6FDA/BAPSM 




88 


7 


P 


n 


6FDA/BAPS 




86 


9 


P 


23 


6FDA/MDA 




75 


18 


P 


24 


6FDA/BAPP 




74 


17 


P 


25 


6F D A//44D DS/B A PS M 


70:30 


94 


4 


P 


26 


6FDA//44DDS/BAPSM 


90:10 


89 


4 


F 


27 


6FDA//44DDS/BAPS 


70:30 


90 


5 


P 


2B 


6FDA//44DDS/BAPS 


90:10 


93 


4 


- 
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6FDA//44DDS/M DA 


70:30 


92 


5 


P 


30 


6FDA/M4DDS/MDA 


90:10 


68 


7 


f ; 


3! 


6FDA//44D DS/BAPP 


70:30 


87 


8 


p 


32 


6FDA//44DDS/B A PP 


90:10 


88 


6 


F 


33 


6FDA//BAPS/BAPSM 


70:30 


87 


8 


P 


34 


6FDA/VBAPS/BAPSM 


90:10 


86 


8 


F 


35 


6FDA//MDA/BAPSM 


70:30 


83 


II 


p 


36 


6FDA//MDA/D APSM 


90:10 


73 


18 


F 


37 


6FD A//BA PP/BA PSM 


70:30 


78 


14 


P 


38 


6FDA/BAPP/BAPSM 


90:10 


69 


18 


F 


39 


BTDA/44DDS 




51 


36 


P 


40 


BTDA//44DDS/BAPSM 


70:30 


48 


38 


P 



The Working Examples generally demonstrate that the polyimide films of 
the present invention exhibit % transmittance, yellowness index and toughness properties 
comparable to those exhibited by polyimide films prepared from aromatic dianhydrides 
and para-substituted aromatic diamines {Le.> Working Examples 2 and 21 ). For example, 
Working Examples 22 to 24 demonstrate that polyimide films prepared from an aromatic 
dianhydride and a para-substituted aromatic diamine exhibit a % transmittance of >70% 
and a yellowness index of <40. Moreover, these films do not crack or break when folded 
and creased. 

Working Examples 1 , 6 to 1 3, 20 and 25 to 32 generally demonstrate that 
brittleness or low toughness that may result from the use of para-substituted aromatic 
diamines having S0 2 functionality (/.*., 44DDS) is overcome by the use of a second para- 
or meta-substituted diamine monomer in an amount greater than 1 0% by weight based on 
the total weight of the diamine monomers. It is noted that increased color may be 
exhibited in BPDA//44DDS/BAPP films. 

Working Examples 3, 5, 14, 1 5, 18 and 19 demonstrate that high color that 
may result from the use of para-substituted aromatic diamines that contain ether linkages 
(i.e., BAPS, BAPP) is decreased (Le. % % transmittance increased, yellowness index 
decreased) by the use of a second para- or meta-substitutcd diamine monomer. 

Working Examples 4, 1 6 and 1 7 demonstrate that high color that may result 
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from the use of para-substituted aromatic diamines that contain no electron withdrawing 
groups (/.£., MDA) is decreased (i.e., % transmittance increased, yellowness index 
decreased) by the use of a second meta-substituted diamine monomer. 

Working Examples 33 to 38 demonstrate that the use of a second para- or 
mete-substituted diamine monomer in an amount less than or equal to 10% by weight 
based on the total weight of the diamine monomers in 6FDA polyimide films may 
adversely impact upon the toughness of the resulting film. 

Working Examples 39 to 40 demonstrate that BTDA/44DDS and 
BTDA7/44DDS/BAPSM polyimide films fail to demonstrate a % transmittance of >70%. 

While the subject invention has been described in detail with reference to 
specific embodiments thereof, it will be apparent to those skilled in the art that various 
changes and modifications can be made therein without departing from the spirit and 
scope thereof. . 



Essentially colorless, transparent polyimide coatings and films prepared by 
combining aromatic dianhydrides with para-substituted aromatic diamines are provided. 
The polyimide coatings and films are produced by a process whereby the dianhydride and 
diamine monomer components are reacted at temperatures of greater than 80°C. 
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